The impact of Montmorency tart cherry concentrate [MC] on physiological indices and functional 32 performance was examined following a bout of high intensity stochastic cycling. Trained cyclists (n = 33 16) were equally divided into 2 groups (MC or isoenergetic placebo [PLA]) and consumed 30 mL of 34 supplement, twice per day for eight consecutive days. On the fifth day of supplementation, 35 participants completed a 109 minute cycling trial designed to replicate road race demands. 36
D r a f t Glyn Howatson 18 Faculty Athletic training and competition causes physiological stress that is followed by a period of recovery 52 (Leeder et al. 2012) . A high-priority for athletes is the ability to accelerate recovery in order to allow 53 subsequent training or competition to be attained at the requisite intensity and as such, numerous 54 recovery interventions have been investigated (Barnett 2006; Howatson et al. 2008) . Recently, 55 antioxidant supplementation has received a great deal of attention (Urso et Connolly et al (2006) was the first to demonstrate accelerated 72 muscle function recovery with Montmorency cherry supplementation in the days following 73 damaging high intensity eccentric exercise, (Connolly et al. 2006 ). Using a similar study design, 74 Bowtell et al (2011) also found that following eccentric-induced muscle damaging exercise, knee 75 extensor force recovered more rapidly with Montmorency cherries compared to an isoenergetic 76 D r a f t 4 placebo (Bowtell et al. 2011 ). Unfortunately, Connolly et al (2006) did not measure markers of 77 inflammation or oxidative stress and although Bowtell et al (2011) reported that a trend towards 78 lower protein oxidation (protein carbonyls) with Montmorency cherry supplementation, there were 79 no differences in indices of inflammation. 80 81 An attenuated inflammatory and oxidative stress response to exercise and more rapid recovery of 82 muscle performance has also been reported using a different model of exercise when supplementing 83 with Montmorency cherries ). Howatson et al (2010) showed that following 84 marathon running, where there is high mechanical and metabolic stress, inflammation (interleukin-6 85
[IL-6], high-sensitivity C-reactive protein [hsCRP] ) and oxidative stress (thiobarbituric acid reactive 86 substances [TBARS]) were lower in the cherry supplemented group versus a placebo. Additionally, in 87 the 48 h post-race, recovery of maximal force during a voluntary isometric contraction (MVIC) of the 88 knee extensors was improved in the Montmorency cherry group compared to the placebo group. In 89 contrast to Bowtell In this study, the primary objective was to identify the impact of Montmorency cherry 114 supplementation on recovery of muscle function following an exercise stress induced through a 115 metabolic challenge (high-intensity stochastic cycling). It was hypothesised that supplementation 116 with Montmorency cherries would accelerate recovery of muscle function and this would be 117 accompanied by attenuation in the exercise-induced inflammation and oxidative stress responses 118 following simulated road race cycling. 119 120
Materials and Methods 121
Participants 122
Sixteen healthy, male trained cyclists (mean ± SD age, height, mass, VO 2peak was 30 ± 8 yrs; 181.1 ± 123 6.7 cm, 76.5 ± 9.2 kg, 61.6 ± 10.4 mL.kg -1 .min -1 , respectively) were recruited to take part in the study. 124
Training and health status were assessed through the completion of a cycling training history and 125 health screening questionnaire, respectively. For inclusion, participants must have cycle trained for 126 >5 hours per week over the preceding 24 months. Additionally, participants agreed to withdraw 127 from any other exercise throughout the duration of this study. Exclusion criteria for the study 128 PLA was a commercially available mixed berry cordial (less than 5% fruit in concentrate form), mixed 168 with 100 mL water and maltodextrin (MyProtein Ltd, Northwich, UK) until matched for carbohydrate 169 content of the MC (20.07 g). All supplements were prepared in opaque bottles by an independent 170 member of the department in order to maintain the double blind design of the study. 171 172 During the dosing period (4 days pre-trial to 3 days post trial), participants were required to adhere 173 to a low-polyphenolic diet. More specifically, fruits, vegetables, tea, coffee, alcohol, chocolate, 174 cereals, wholemeal bread and grains were prohibited and in order to assess for dietary compliance, 175 food diaries were completed for the duration of study, which has been used successfully in previous the test to give the relative O 2 cost for that intensity. Following the CE test, 6-second peak power 214 was determined. A 5 minute standardised warm-up, was followed by the completion of a series of 215 6-second maximal sprints through a range of gears, the gear which elicited the highest power output 216 was subsequently used for all further 6 second peak power tests A minimum of 3 minutes between 217 sprints was enforced to allow for recovery. MIVC of the dominant knee extensors was determined 218 using a strain gauge (MIE Medical Research Ltd., Leeds, UK). Participants were seated on a platform 219 and the strain gauge was attached to the dominant ankle at an internal joint angle of 80° (verified by 220 a goniometer). Three submaximal trials were completed at approximately 50%, 70% and 90% of 221 participants' perceived maximum, followed by three maximal trials, each separated by 1 min. 222 Participants were given standardised verbal encouragement for the duration of each 3 second 223 contraction and the peak force was recorded as the baseline measure of MIVC. Previous work from 224 our lab has demonstrated the technical error of measurement to be 26 Newtons or 3.7% for this 225 measure of muscle function (Leeder 2013 Participants completed a 10 minute, self-selected warm-up on the cycle ergometer, which included 3 229
x 3 second sprints at perceived efforts of 70%, 80% and 90%, occurring at 7, 7.5 and 8 minutes, 230 respectively. The main exercise task (Figure 2 ) was designed to replicate the demands of a road 231 D r a f t cycling race and has previously been used in other cycling studies (Vaile et al. 2008; Bell et al. 232 2014b) . The task consisted of 66 sprints lasting 5, 10 or 15 seconds with a work (W) to recovery (R) 233 ratio of 1:6, 1:3 or 1:1. Sprints were divided into nine sets, with an active recovery (ACT) period 234 lasting 5 minutes between sets 1-2, 2-3, 4-5, 5-6, 7-8 and 8-9. All R and ACT periods were completed 235 at a power of 40-50% of W max . An additional 9 minutes of sustained effort was incorporated through 236 the completion of three time trials (TT) lasting 2 minutes, 2 minutes and 9 minutes, respectively. 237
Participants were instructed to complete as much work as possible during all TT periods and 238 received verbal encouragement throughout. Power output was collected throughout all trials at a 239 frequency of 3 Hz and subsequently transformed into work done (kJ). Water was available for 240 participants to drink ad libitum and strong verbal encouragement was provided by the same 241 researcher throughout the duration of the trial. 242 243
Blood Sampling 244
Blood sampling was conducted using venepuncture and following collection, tubes were 245 immediately centrifuged at 2400 x g, 4°C for 15 minutes before having the supernatant removed and 246 stored in aliquots. Aliquots were then immediately stored at -80°C and subsequently analysed for 247 indices of inflammation, oxidative stress and muscle damage. period, but there were no group or interaction effects. A summary of these measures are presented 307
in Table 1 . Evaluation of plasma revealed baseline IL-6 values of 0.83 ± 0.43 and 1.15 ± 0.45 pg.mL -1 for MC and 310 PLA groups respectively. Data analysis showed a group effect (F (1,2) = 39.992, P < 0.001) 311 demonstrating that the IL-6 response was significantly attenuated in the MC (vs. PLA) group across 312 the protocol. The peak group difference of 1.36 pg.mL -1 , occurred immediately post-trial (Figure 4) . 313
Following measures taken at baseline (MC 1.14 ± 1.18 and PLA 0.55 ± 0.53 pg.mL -1 ), hsCRP remained 314 lower in the MC group versus PLA group at all time points except 24 h (Figure 5) . Conversely in the 315 PLA group, hsCRP values remained above baseline across the course of the study period. Analysis of 316 hsCRP data demonstrated significant differences between groups (F (1,2) = 2.431, P < 0.05) The peak 317 difference between groups (76%) occurred at 24 h post trial before a trend for both groups to return 318 towards pre-exercise levels by 72 h. Further markers of inflammation; IL-8 (F (1,9) = 25.364, P < 0.001) 319
and TNF-α (F (1,9) = 4.665, P < 0.001), muscle damage, CK (F (1,9) = 2.049, P < 0.05), and oxidative stress, 320 LOOH (F (1,9) = 4.969, P < 0.001), all demonstrated main effects for time. Specifically, IL-8 was 321 increased at post-trial and 1, 24 and 48 h (P < 0.05), CK was increased at post-trial, 3 and 5 h (P < 322 0.05) and LOOH was significantly raised from pre-trial at 3 h (P < 0.05). No group or interaction 323 effects were found for any of these measures. Lastly, IL-1-β did not show any group, time or 324 interaction effects in response to the trial ( Table 1) . 325
326
The total work done (kJ) across the exercise protocol was 155.1 ± 23.6 kJ and 151.3 ± 27.9 kJ for MC 327 and PLA groups, respectively, which were not different between groups. Finally, food consumption 328 data was not subjected to detailed scrutiny with regards to macro and micronutrient intake; 329 however food diaries were reviewed for compliance with dietary restrictions. Analysis of diaries 330 revealed 100% adherence to the imposed dietary restrictions. TNF-α did not differ between groups. Contrary to our hypothesis, the oxidative stress response 340 (LOOH) did not differ between groups. Lastly, there were no differences in CK between groups at 341 any point following the exercise task. Although no interaction effects were found, a significant group difference showed hsCRP was 375 elevated in the PLA group throughout the study. To illustrate this, mean responses between 376 baseline and pre-trial (loading phase) suggest MC provided a modest anti-inflammatory action prior 377 to exercise which is in agreement with recent work demonstrating the acute anti-inflammatory 378 effects of MC (Bell et al. 2014a ). Conversely, the removal of foods containing antioxidants in the 379 PLA group diet appeared to cause a modest rise in inflammatory status (Figure 5) and as a result it 380 may be surmised that habitual diets have an impact on daily inflammatory state. Despite this, mean 381 absolute hsCRP and IL-6 values were almost identical between groups' immediately pre-trial, 382
suggesting similar inflammatory states prior to exercise. Regardless, the hsCRP response to exercise 383 was consistent with previous work (Weight et al. 1991; Howatson et al. 2010 ); both groups peaked 384 at 24 h before returning towards pre-exercise levels at 48 h. Notably, the MC group demonstrated 385 D r a f t 16 an attenuated rise versus PLA at 24 h (16% vs 96% increase from baseline). With regards to IL-6, 386 cycling has previously been shown to increase plasma levels in the acute phase following 387 performance (Robson- Ansley et al. 2009 ) and furthermore, prolonged exercise involving significant 388 muscle mass has been suggested to produce a marked increase in systemic levels regardless of the 389 mode of exercise (Fischer 2006 ). The suppressed IL-6 response with MC supplementation in the 390 immediate hours following exercise in the present study is in agreement with previous work 391 ) and thus provides further support to the anti-inflammatory properties of MC. 392
Additionally, no differences between groups were found with regards to work done, suggesting that 393 the metabolic cost of the task was the same and that subsequent inflammatory processes had been 394 induced by a similar stimulus in both groups. With regards to application of these findings, values that were ~4% lower than those presented by the PLA group when results were normalised to 435 baseline values. This is not the first report of a functional food improving exercise efficiency; 436 beetroot juice has previously been reported to lower the oxygen cost of submaximal exercise, which 437 D r a f t has been attributed to increased dietary nitrate impacting upon ATP expenditure in the maintenance 438 of sarcoplasmic Ca 2+ homeostasis (Bailey et al. 2009b; Vanhatalo et al. 2010) . Additionally, nitrate 439 supplementation has been shown to reduce blood pressure in normotensive humans (Larsen et al. 440 2006) suggesting an impact upon vascular function. In relation to the current study, MC contains a 441 high volume of polyphenols which have also been suggested to influence vascular function (Yung et 442 al. 2008) . Although somewhat speculative, it is conceivable that the polyphenolic content of MC 443 may have influenced endothelial function allowing improved blood flow and thereby contribute to 444 improved exercise efficiency, but this needs to be confirmed and examined in a paradigm specifically 445 designed to address this question. 446
447
In contrast to the maintenance of MVIC with MC supplementation, it was surprising to notice no 448 differences between groups in 6-second maximal power, which was measured to assess a cycle-449 specific task. In fact, surprisingly a main effect for time demonstrated that both groups actually 450 improved this performance across the 72 h post-trial period. In comparison with MVIC, the muscular 451 movement and skill associated with cycle sprinting is far more complex. As a result, it is possible 452 that a learning effect may have influenced the improvement in performance, particularly given that 453 the participants were endurance trained and were likely to be much less experienced to this type of 454 maximal power test. Future studies using such a measure in this population should consider a 455 substantial familiarisation period prior to assessing 6-second maximal power. although there is certainly a growing need for research in this area. Regardless, many scenarios exist 467 where accelerated recovery of performance is more important than physiological adaptation such as 468 cycling tours and tournament based competitions; as a result, MC offers an efficacious strategy for 469 physical recovery following strenuous exercise. 470 471 Although functional performance decline following the trial was attenuated, a greater battery of 472 sport specific performance measures, such as a time-trial, would have proved a useful inclusion. In 473 addition, the dosing strategy used in the study incorporated both pre-, on the day of, and post-trial 474 supplementation; as a result it is difficult to ascertain the time at which MC exerts its positive 475 effects, or whether there is a cumulative effect, whereby multiple doses result in an increased 476 capacity to combat anti-inflammatory pathways or perhaps increase tissue bioavailability of the 477 functional compounds. Furthermore, the adherence to a low polyphenolic diet throughout the 478 course of this study, limits the generalizability of the results. Clearly, athletes would be encouraged 479 to maintain a diet high in vegetables containing essential vitamins and minerals and the removal of 480 these from the diet may have influenced the results of this study. Future work might incorporate 481 habitual diets to investigate if MC has an additive influence on the measures identified in this study. 482
With regards to real-life application of this study's results, it is important to note that most 483 competitive cyclists will train or compete daily. As a result, multiple days of exercise may have 484 provided a more applied scenario where the increased stress responses are more representative of 485 cyclists' physical demands. Supplementation period -2 x 30 mL per day (8am and 6pm) taken with 100 mL water.
Dietary restrictions -Following blood sampling at 96 h pre-trial to post-visit 6. 
